The vegetation in each pixel is stratified and the number of strata is a free parameter that can be set according to the vegetation under investigation. The light condition is calculated for each stratum according to the total abundance of the PFGs across all the upper strata and then converted to three classes (shade, half-shade, and full high) according to the respective abundance thresholds: 3,000; 7,000; 10,000. Shade tolerance is given as binary parameters for these three classes. The light conditions influence the germination, recruitment and survival for each PFG depending on its tolerance (see below).
. Neighbouring pixels considered in a short distance dispersal example. The resolution is 100m. The central pixel is the source. The maximum distance for 50% of the seeds is 100m and determines the position of the circle where 50% of the seeds are uniformly distributed. The maximum distance for 99% of the seeds is 500m, which means that 49% of the seeds end up in the crown between 100 and 500m. The remaining 1% seeds contribute to the long distance dispersal. The effects of each disturbance on the vegetation can be described be using the following parameters: Fig. S1d . Influence of the three sub-models on the life cycle of each PFG in FATE-HD. Only three age classes are considered: germinant, juvenile and mature. The recruitment is influenced by the habitat suitability and the biotic interactions. Mortality occurs when light conditions are not favorable or when the PFG completes its life span. In addition, the disturbance regime directly affects juvenile or mature PFG and may for instance result in PFG death, impede seed production by reducing mature PFG age to N-1, or revitalize senescents by reducing their age to M-1. FATE-HD: A spatially and temporally explicit integrated model for predicting vegetation structure and diversity at regional scale. Boulangeat Isabelle, Georges Damien, Thuiller Wilfried.
Biotic interactions

Appendix S2 Parameterisation of the PFGs for the sub-models Succession parameters
The parameterisation of the succession was derived from our own functional traits database, other available databases (LEDA, Knevel et al. 2003; BioFlor, Kühn et al. 2004; Flora Indicativa, Landolt et al. 2010) , expert knowledge from the Ecrins National park, and the literature. For each PFG, the average value (for continuous traits) or median category (for ordinal traits) was calculated for life span, maturity age, and shade tolerance, were determined across the determinant PFG species.
We defined five height strata in our study (0-1.5m; 1.5-4m; 4-10m; 10-20m; above 20m). In the model, light resources in each stratum are converted from the sum of PFG abundances in the upper strata at three fixed levels (full light under abundance 3,000; half-shade from 3,000 to 7,000 and shade above 7000). Maximum shade in a pixel (corresponding to a number of individuals) was thereby determined according to the number of strata potentially occupied by a PFG, assuming that a tree occupying several strata can create more shade than herbaceous cover. Maximum shade is a semi-quantitative parameter that can take only three values: 3,000; 7,000; or 10,000. It was set to 3,000 for PFGs which remain in the first stratum only, to 7,000 for PFG which can reach the second stratum, and to 10,000 for taller PFGs. The relative shade of immature plants has been set to 100% for herbaceous, 50% for small trees or shrubs and 10% for taller trees. Trees and shrubs' height strata were determined according to their age using a growth rate equation involving maturity age, life span, relative shade of immature, and maximum plant canopy height (Eq. S2). Relative germination performance was chosen from seven propositions (0; 10; 40; 50; 80; 90; 100%) with the aim of decreasing germination performance in response to increasing shade for herbaceous plants, and ensuring the germination performance of woody plants is unaffected by light conditions, according to the results obtained by Milberg et al. (2000) . Seed dormancy was ignored. Tab. S2b Dispersal parameters. A dispersal class was given to each species of the study area according to the methodology proposed by Vittoz et al. (2007) . This classification is based on the most efficient dispersal mode and takes into account plant dispersal attributes, distinguishing seven ordinal classes. For each PFG, the dispersal distance class was given by the median dispersal distance class of its determinant species. For each dispersal class, the two first distance parameters were estimated in Vittoz et al. (2007) and are reported below. They correspond to the upper limits of the distances within which 50% and 99% of the seeds of a PFG cohort within a pixel are dispersed. The long dispersal distance was set to 1km for classes 1 to 3, 5km for the classes 4 and 5 and 10km for classes 6 and 7, as proposed in Engler & Guisan (2009 7  500  5000  10000  H1  3  2  15  1000  H10  7  500  5000  10000  H2  6  400  1500  10000  H3  7  500  5000  10000  H4  3  2  15  1000  H5  3  2  15  1000  H6  3  2  15  1000  H7  5  100  500  5000  H8  3  2  15  1000  H9  7  500  5000  10000  P1  6  400  1500  10000  P2  5  100  500  5000  P3  4  2  15  1000  P4  6  400  1500  10000  P5  6  400  1500  10000  P6  4  40  150  5000  P7  4  40  150  5000  P8  4  40 150 5000
Disturbance parameters
Tab.S2c Response to mowing. The parameterisation was carried by the experts of the National Park. Mowing was assumed to include the removal of all trees in the field.
Herbaceous Chamaephytes Phanerophytes
Juveniles were unaffected Senescents (longevity -2) were all killed
One year old individuals were not affected All other juveniles were killed Senescents (longevity -2) were all killed Tab. S2e Response to grazing for phanerophytes and shrub chamaephytes. 3 different types of grazing were differentiated: G1= light grazing; G2= extensive grazing; G3= intensive grazing. Individuals above 1.5m were unaffected. Percentages represent the proportion of killed plants.
Age classes P1
FATE-HD: A spatially and temporally explicit hybrid model for predicting vegetation structure and diversity at regional scale. Boulangeat Isabelle, Georges Damien, Thuiller Wilfried.
Appendix S3 Habitat suitability models
Calibration area
The habitat suitability models were calibrated over the whole French Alps (see Fig. 1 in the main text). We thus hope to better capture the potential niche of each plant functional group to then be able to project it onto our study area, the Ecrins National Park (Barbet-Massin et al. 2012) .
From vegetation relevés to PFG presence-absence
We used the vegetation database from the Conservatoire Botanique National Alpin (CBNA), which has records of more than 3 million occurrences of plant species in the French Alps and 15,000 community plots for which the exhaustive list of species was recorded together with cover abundances (Braun-Blanquet, 1946) . All records older than 1980 were excluded as well as ones made by unknown botanists and spatially inaccurate plots (uncertainty > 200m). Species nomenclature was standardised according to the Index synonymique de la flore de France (Kerguélen, 1993) .
We considered a PFG to be present where at least one of its representative species was observed. A community plot (complete survey) where none of its determining species were observed was considered to be a true absence. In this way, we built presence-absence data for each PFG.
Environmental variables
We used seven environmental variables to model the large-scale abiotic constraints for each PFG.
- -Five bioclimatic variables (isothermality, temperature seasonality, temperature annual range, mean temperature of coldest quarter, and annual precipitation). We selected these five variables because they are known to influence the physiology of species in the Alps (Körner 2004) and their pairwise correlations were low. Temperature and precipitation maps were downscaled to a resolution of 100m, from the 1 km Worldclim climate grids available online, using a specific method that was developed to represent the topographic variation of climate in Mountainous areas better (Dullinger et al. 2012) .
Building the habitat suitability models
All models were built using the biomod2 package (Thuiller et al. 2009 (Thuiller et al. ) in R (2011 . Amongst the available algorithms, we selected five different ones using default settings: Generalized Linear Model, Boosted Regression Trees, Generalized Additive Model, Multivariate Adaptive Regression Splines and Random Forest. We selected the algorithms which are known to provide good predictions and which encompass the different families available in the field.
In order to compare the habitat suitability of all PFG, we made sure that equal weightings were given to the presences and absences for each PFG. We thus weighted the presence and absence of each PFT in the modelling procedure to give a prevalence of 0.5. This ensured that the models were comparable, one to another, whatever the PFG distribution (narrow, wide spread, etc.).
The models were calibrated using a random data sample (70%) and evaluated using the remaining 30% with True Skill Statistics (TSS, Allouche et al. 2006 ). The whole crossvalidation process was repeated 10 times.
Ensemble Forecasting
We used an ensemble forecasting strategy to derive the probability of occurrence (i.e. habitat suitability value) for each PFG across the national park using the following method: (1) All models were used to project the potential habitat suitability for each PFG;
(2) We transformed the probabilities of presence into presences and absences using the threshold which maximised the TSS in the evaluation procedures.
(3) We calculated the sum of all binary projections weighted according to their TSS score. (4) We rescaled the projection to fall between 0 and 1. This latter projection gives the habitat suitability map for each PFG ( Figure  S3 ). This ensemble forecast gives the percentage of agreement between the different algorithms and the different cross-validation datasets for predicting a presence. The higher the value, the more plausible the presence.
BIBLIOGRAPHY Allouche, O., Tsoar, A., & Kadmon, R. (2006) . Assessing the accuracy of species distribution models: prevalence, kappa and the true skill statistic (TSS 
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